Radiologists may be the first to suggest the diagnosis of posterior reversible encephalopathy syndrome (PRES). PRES is associated with many diverse clinical entities, the most common of which are eclampsia, hypertension, and immunosuppressive treatment. Radiologists should be aware of the spectrum of imaging findings in PRES. When promptly recognized and treated, the symptoms and radiological abnormalities can be completely reversed. When unrecognized, patients can progress to ischemia, massive infarction, and death. In this review, we present an overview of the unique signs observed on computed tomography and magnetic resonance images in PRES that can help in the early diagnosis and treatment that is highly effective in this syndrome.
Patients with acute symptoms of headache, altered mental functions, seizures, and loss of vision associated with findings indicating predominantly posterior leukoencephalopathy on imaging studies are not uncommon. This syndrome was called reversible posterior leukoencephalopathy in 1996 by Hinchey et al [1] , as it was thought that only white matter is involved in this syndrome. However, later it was seen that the grey matter is involved in this syndrome and the term posterior reversible encephalopathy syndrome (PRES) was coined [2] .
The syndrome has myriad imaging findings that are typical in many cases, but also can be confused with other entities. The prompt diagnosis of the cause is critical for the immediate initiation of the appropriate therapy, which varies with the etiology. PRES is associated with a multitude of diverse clinical entities, the most common of which are eclampsia, hypertension, and immunosuppressive treatment [1, 3, 4] . PRES is infrequently suspected by clinicians, so radiologists may be the first to suggest the diagnosis. As this diagnosis has important therapeutic and prognostic implications, radiologists should be aware of the spectrum of imaging findings in PRES. When promptly recognized and treated, the symptoms and radiological abnormalities can be completely reversed. When unrecognized, patients' condition can progress to ischemia, massive infarction, and death. In this review, we present an overview of the unique signs observed on computed tomography (CT) and magnetic resonance (MR) images in PRES that can help in the early diagnosis and treatment that is highly effective in this syndrome.
Etiopathogenesis of PRES
The diseases and conditions associated with PRES are listed in Table 1 . Most common of these are hypertensive encephalopathy, eclampsia, and use of immunosuppressive drugs.
The pathogenesis of PRES is not precisely known. Two diametrically opposed hypotheses have been proposed. The original hypothesis that severe hypertension leads to cerebral autoregulatory vasoconstriction, cerebral ischemia, and subsequent cytotoxic brain oedema [5e7] . has largely fallen out of favor because of the reversibility of the pathologic changes. Moreover, 15%-20% of patients with PRES are normotensive or hypotensive [8] . Even among hypertensive patients, less than half have a mean arterial pressure above the typical upper limit of cerebral blood flow autoregulation (140-150 mm Hg) [9, 10] . In some susceptible patients, acute hypertension could cause endothelial dysfunction and breakdown of the bloodebrain barrier, even if hypertension is not greater than the typical autoregulation range [11] . Alternatively, hypertension could result from insufficient brain perfusion caused by endothelial dysfunction from systemic toxic effects. However, this theory would not explain the pattern of hypertension usually preceding the development of symptoms of PRES [8] .
The current, more popular theory suggests that severe hypertension leads to cerebral autoregulatory failure and breakthrough vasodilatation with interstitial extravasation of fluid and subsequent vasogenic brain oedema and petechial hemorrhage [4,12e14] . These findings resolve rapidly when blood pressure is lowered [13,15e18] .
In pre-eclampsia, the cause of PRES is considered to be endothelial activation and injury [19] . However, renal decompensation may play a role, especially in eclampsia associated with puerperium [1] . Altered vascular reactivity from an increased sensitivity to normally circulating pressure agents, a deficiency of vasodilating prostaglandins, and endothelial cell dysfunction have also been proposed [20, 21] .
The proposed mechanisms of PRES associated with immunosuppressive therapy, especially for cyclosporine, are hypercholesterolemia, hypomagnesaemia, aluminum overload, and drug levels above the therapeutic range [14,22e26] . Other possible mechanisms include direct toxic effects on vascular endothelial cells causing release of endothelin, prostacyclin, and thromboxane A2 [27e29]. Nephrotoxicity from cyclosporine may lead to fluid overload, ultimately exacerbating hypertension and the altered bloodbrain barrier [12] . The mechanism for tacrolimus and interferon alpha is likely similar to that of cyclosporine [1] .
Up to 75% of patients present with seizures [30] . However, seizures are likely a manifestation, rather than a cause, of PRES [2] .
Relative lack of sympathetic supply to the posterior circulation is thought to be responsible for dominant involvement of the posterior circulation and therefore inefficient autoregulation [3] .
The controversy regarding the pathophysiology of vasogenic oedema is due to findings such as PRES in normotensives and less brain oedema in severe hypertensives [19] . Additionally, hyperperfusion has not been conclusively demonstrated in patients [19] .
Imaging Features
PRES has been described as having focal or confluent vasogenic oedema with classic posterior parietal and occipital lobe involvement [31] . Calcarine and paramedian occipital lobe is spared. Subcortical white matter is usually involved, but even cortical grey matter can be involved, depending upon the severity of the disease.
Three distinct imaging patterns of PRES have been described [31] : dominant parietal-occipital pattern ( Figure 1A) ; superior frontal sulcus pattern, with more isolated involvement of mid and posterior aspect of superior frontal sulcus ( Figure 1B) , and holohemispheric watershed pattern, a linear pattern of involvement of frontal, parietal, and occipital lobes at the watershed zone between medial hemispheric and lateral hemispheric arterial supply (combination of Figure 1, A and B) .
Other atypical distributions are temporal lobes, cerebellar hemispheres, brainstem, basal ganglia, deep white matter, and splenium [31] . Knowledge of the variation in patterns is important for recognizing PRES.
The most important feature is the reversibility of the imaging findings, which may take days to weeks following initiation of treatment. If treatment is not promptly initiated, PRES may progress to infarction or hemorrhage. Brainstem involvement and intracranial hemorrhage are associated with poor prognosis [3, 4] .
CT
CT is less sensitive than MR imaging (MRI) in detecting the initial findings. Initial CT was normal in up to 22% of cases in 1 study ( Figure 2 ) [31] . Even in cases when initial CT scan showed the lesion, the subsequent MRI has shown more lesions [31] . [1] . Among the routine MRI sequences, fluidattenuated inversion recovery is the most sensitive in detecting subcortical and cortical lesions in PRES, as compared with proton density and T2-weighted spin echo images (Figure 3 ) [2] .
MRI

MRI shows small, focal abnormalities beyond what is visible on CT
Diffusion-Weighted Images
Diffusion-weighted (DWI) MRI reliably distinguishes vasogenic oedema in PRES from cytotoxic oedema in the setting of cerebral ischemia [3,32e34] . DWI can be used to monitor for ischemia as a complication of PRES [3] . On DWI, the hallmark of PRES lesions is a pattern of vasogenic oedema (Figure 4, A and B) , but it may show T2 shine-through effect or pattern of ischemia (Figure 4, C and D) . Quantitative assessment of apparent diffusion coefficient (ADC) maps may show subtle involvement with PRES, which may go unnoticed on conventional MRI [3] . Foci of high signal intensity in the cortex suggest that either it is undergoing infarction or already infarcted (Figure 4, A, B, E, and F) .
The extent of involvement has prognostic implications [3] , and helps identify patients who need more aggressive treatment. Patient outcome correlates with the extent of combined T2 and DWI signal abnormalities [3] . High DWI signal intensity and low or normal ADC values are associated with cerebral infarction and may give the earliest warning of nonreversibility as vasogenic oedema progresses to cytotoxic oedema (Figure 4 , E and F) [3] .
The mechanism for progression of severe vasogenic oedema to cytotoxic oedema is unclear [3, 35] . According to Ay et al [32] , increased tissue pressure may impair the microcirculation in areas of massive oedema, eventually leading to ischemia. DWI can help predict conversion to infarction and irreversible tissue damage.
Angiography
Both conventional catheter and MR angiograms have been reported to show focal vasoconstriction, focal vasodilatation, and string of bead appearance of medium and small arteries [36] . These findings are reversible on follow up. However, angiograms may show normal appearance of the vessels and is important in differentiating PRES from arterial infarcts.
Perfusion Studies
MR perfusion has been reported to show decreased cerebral blood volume and cerebral blood flow in PRES [37] . This pattern supports the autoregulatory arterial vasoconstriction hypothesis. However, no change in permeability has been reported [37] . Thus, interstitial oedema in PRES might be caused by elevation of capillary hydrostatic pressure mediated by venous constriction [37] . However, MR perfusion and CT perfusion have shown both increased and decreased perfusion in PRES [12] . Thus, PRES may be a dynamic process, with perfusion changing over time [12] . Perfusion findings are not very helpful in the diagnosis of PRES.
Reversibility
Reversibility of the lesions is the most important feature of PRES when present ( Figure 5 ). As discussed previously, the reversibility of the lesions is also associated with good prognosis of these patients. The imaging features associated with poor prognosis and thus irreversibility of these lesions are 1) low ADC values in the lesions, 2) brainstem involvement, and 3) evidence of hemorrhage on initial imaging.
Differential Diagnoses
Differential diagnoses for imaging findings of PRES are mainly based on the distribution of the lesions. Important differential diagnoses are basilar top syndrome, venous infarction, trauma, vasculitis, encephalitis, and demyelinating disorders. Sparing of the medial occipital lobe and thalamus, as well as MR angiography findings, rule out the possibility of basilar top syndrome. Venous infarction can be ruled out by showing normal venous structures. Trauma can be ruled out by the clinical history and absence of any other radiological signs of trauma. Vasculitis is a difficult differential diagnosis to rule out. The typical pattern of distribution of PRES lesions can help. However, in atypical distribution of the lesions, vasculitis continues to be an important differential diagnosis. In these cases, reversibility of the lesions, if demonstrated, is important. The predominant involvement of white matter rules out encephalitis. The involvement of grey matter does not favor the diagnosis of demyelinating disorders.
Conclusion
The cause of PRES is multifactorial. Because PRES is reversible and readily treated by controlling blood pressure and discontinuing the offending immunosuppressive agent or decreasing the dose, it should be promptly recognized. The imaging findings are quite typical but can be confused with other diseases, so radiologists must know the spectrum of findings on imaging in cases of PRES.
